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(54) Method for producing diene-modif fed propylene polymer 

(57) The invention is concerned with a diene modi- 
fied isotactic propylene polymer having a Melt Flow rate 
of from 0.03 to 100 dg/min and a Mw/Mn of from 2.1 to 
30 comprising propylene units, from about 0.00005 to 
about 5 mole percent of alpha-omega-diene units and 
wherein the polymer is essentially gel free as defined 
herein and is prepared using a metailocene catalyst 
system. 
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Description 
Technical FieM 



5 [0001] This invention relates to diene modified polymers, particularly diene modified polypropylenes which are oro- 
ni^n hSr^ 6 " 6 ^^r 5 P 0 *™ so produced exhfct enUaJtir^en^TwZ 
ZSSSZS!^ ' W6i9ht diStribUti ° n 35 10 h0 ™P«^ Natta 

'o Bachgrownd 

[0002] Polypropylene and related polymers are known to have tow melt strength. This is a significant deficiency in kev 
a^l^ton areas su* as thermoforming and tt^ 

Mm applicator* requmng good mett strength. The limitations in the melt strength of prtypmpylenes L m 

S"c2S T^*'""'" 9 d waIIS in pa * thermoformed in me iS^Tl " 

sion coatmgj poo, ^bubble format™ ,n extrusion foam materials, and relative weakness in large-part blow mcSng 
Thus, rt would be highly desirable to produce polypropylene and related polymers having ■nh£c£mKS?£ 
well as commercially valuable processability. sirengm as 

[0003] Increasing the melt strength of polymers such as polypropylene has been an industrial goal for well ever ten 
20 years, however success has been limited. The desirable propertes that have made low den^pC^c^ 

a^attnbuted to the presence of long chain branching which is thought to occur under high pressure polymSzation 

* I 001 !* 1 ^ h3S 801116 SUCCeSS in increasi "9 *• meft strength of polypropylene. For example. EP 190 889 A2 

IT t 3£?Z2 01 PdyPr0py,6ne to Create — * ****** toS polypropShaving £££ 

SSJ2£2iT2r T^"* ^ EP 384 431 diSC,0Ses *• use of P eroxide deconposition of polypropylene 
in the substantial absence of oxygen to obtain a similar product 

SJl^^T* T teVe bee " USed 10 P«Wlene with a-^ienes in order to 

mfroduce unsaturation into the polymer. This is described in co-pending US. patent application serial number 51 9 616 
*> wherein a gel-free crystalline polymer is obtained. U.S. Patent No. 3.351.621 also Ascribes the nrtmtadta £ 

rtSZ «»Z?r ^VJ^** ***** ^ Ze,gler - Natta copc^ym^Z^Sp^ 
ertiesthat are typically associated wrth polymers thougtt to have long chain branches. S 

• TSTETl" 151 03865 for complete cross - |inkin9 - Mett stren 9 th - * «• 

» improved. Thus, there is still a need for propylene polymers having improved mett strength and good processability 
Summary 

o ^LJl^T 0 " US ,0 diene * modified P 0 '^ Particularly diene-modrfied propylene polymers, and to 
SSfJi^* P0,yme,S ' I? SPed,iCa " y ' *• invemion relates «o a method for producnVdiene-modif ied 
S^iS^JT'S? COmb " 1in9 3 reaCti0n 20ne under ^a action conditions an alpha-olefin 
SHLS 9 * 3 al0mS ' 3 ^ "** iS P re,er aWyana-«Kliene.andametaltocenecata.yas^ 
Sll? ZtTT ^ 8,50 pr0V,ded Wherein lhe P 01 ^ C0(T Vrises an a-oiefin monomer having at^stthree 

J^P 013 ™ ^ essentially ge l-free and rs prepared using a metallocene catalyst system 

W| Th,s mention also relates to an irradiated copolymer composition and method for producing the copolymer 

to eight carbon atoms, one or more diene comonomers. and a metailocene catalyst system; and (2) irradiatina the 
siting «^yrr*r. In toiseri^^ y« ysiem. ana (2, .rrad.at.ng the 

Brief Descripti on of tha Qrawjnfls 

[0008] 

Rgure 1 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinnino 

^J!""" 118 and ■ ™>* Parceni 1.13-tetiadecadiene as c^ Z 
nomopolypropylen (polymerized at 40°C). 
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Figure 2 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
behavior for propylene polymer modified with .0094, .141 and .164 mole percent 1,13-tetradecadiene as compared 
to propylene homopolymer (polymerized at 60°C). 

£ Figure 3 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
behavior tor propylene polymer modified with .118 and .164 mole percent 1,13-tetradecadiene as compared to 
homopolypropylene (polymerized at 40°C). 

Figure 4 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
io behavior for propylene polymer modified with .141 mole percent 1 ,9-decadiene, 1 ,7-octadiene, and norbornadiene 
as compared to propylene homopolymer (polymerized at 40°C). 

Figure 5 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer modified with 1,7-octadiene (.141 mole %) and a propylene polymer modified with 
is 1,1 3-tetradecadiene (.118 Mole %) as compared to propylene homopolymer. 

Figure 6 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer modified with 1 f 1 3-tetradecadiene using a traditional Zeigler Natta catalyst system. 

20 Figure 7 is a graphic illustration of the relationship bewteen viscosity and frequency (rad/s) and shear thinning 
behavior tor propylene polymer modified with 1,7-octadiene (.0079 mole %) and propylene polymer modified with 
1,13-tetradecadiene (.0047 mole %) as compared to homopolymer. 

Detailed Description 

25 

[0009] One method of the invention comprises combining in a reaction zone one or more a-olef in monomers having 
from two to eight carbon atoms, one or more dienes. and a metallocene catalyst system under suitable polymerization 
conditions to produce a diene modified polymer. 

[0010] The a-olef ins useful in this method of the invention preferably have from three to eight carbon atoms, more 
30 preferably three, four, five and/or six carbon atoms, and most preferably three carbon atoms. These monom rs are 
copolymerized with one or more dienes using a metallocene catalyst system. The dienes may be linear, cyclic, and/or 
multicydic including conjugated linear dienes and fused and non-fused cyclic dienes. In one embodiment, the dienes 
are preferably a-oxlienes and/or are selected from the group consisting of 1,7-octadiene. 1 ,9-decadiene, 1,13-tetra- 
decadiene, 1,8-nonadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,15-hexadecadiene, 1,17-octadecadiene andnor- 
35 bornadiene. More preferably the dienes are selected from the grotp consisting of 1 ,7-octadiene, 1 ,9-decadiene, 1,13- 
tetradecadiene. and norbornadiene. Most preferably, the dienes are selected from the group consisting of 1 ,9,-decadi- 
ene. and 1,13-tetradecadiene. 

[001 1] In another embodiment one or more a-olef ins are copolymerized with one of more dienes, preferably non-a- 
o-dienes, using a metallocene catalyst system. The resulting copolymer is then irradiated. The alpha olefins preferably 

40 have from three to eight carbon atoms, more preferably from three to six carbon atoms, and most preferably three car- 
bon atoms. The dienes may be linear, cyclic, and/or multicydic including conjugated linear dienes and fused and non- 
fused cyclic dienes. Preferably the dienes are non a-o-dienes and are selected from the group consisting of dicyctopen- 
tadiene, ethylidenenorbornene, 1,4-hexadiene, vinyl norbomene, and 5-isopropenyl-2-norbornene, more preferably 
dicydopentadiene, ethylidenenorbornene, 1 ,4-hexadiene, and vinyl norbomene, most preferably d'eydopentadi ne, 

45 ethylidenenorbornene, and 1,4-hexadiene. 

[0012] The irradiation is preferably carried out using E-beam or gamma irradiation at a dose of about 1 to about 20 
Mrad for a few seconds (up to about 30 seconds). Any type of high energy radiation capable of causing the desired 
chain extension may be used. The polymer may be irradiated in any form such as a powder, granule, pellet, film, molded 
article, fiber, fabric, etc. 

so [001 3] Any metallocene may be used in the present invention. Metallocenes are generally represented by the formula 

CPmMRA, 

wherein Cp is a cydopentadienyl ring or derivative thereof. M is a Group 4. S.or 6 transition metal. R is a hydrocarbyl 
55 group r hydrocarbaxy group having from 1 to 20 carbon atoms. X is a halogen, and m=1 -3; n=0-3. q=0-3. and the sum 
of mwnq is equal to the oxidation state of the transition metal. The metallocene may be bridged or unbridged, and 
include heteroatoms in the structure. Examples of metallocenes are discussed in for example, U.S. Patent No6. 
4,530.914; 4,871,705; 4.937,299; 5.124.418; 5.017,714; 5,120,867; 5,278.119; 5,304,614; 5.324,800; 5,347,025; 
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W50.723; 5.391.790; and 5.391.789; EP-A- 0 591 756; EP-A-0 520 732- EP-A-0 420 436- WO gi/ruw u/n 
93/08221 ; WO 93708199; and WO 94/01471 a^lnoo^fu^h^'rS^ /D425? ' W ° 

KL p ^1? yp ^ 5 ore 

SSS; |«**P«^ dative, prefer Ksindenyl metallocene corrponel having the fblLng 




30 



35 



40 



45 



UttLt tel a , l ^l 0, &0UP 4> 12 6 * the Peri0diC T * le - for ^lethanium. zirconium, hafnium. varadum 

!? "J? 0 * * 006 01 a hydro9en atom - a °i- C io al M 9n)up. preferably a C-C, alkyl 

aTc 9 T CrC3 alkDXy a ^ ar * B^ES* a C 6 C 8 a^C 

a C r C 10 Smup. Preferably a Cg-Cg aryloxy group, a C^Co alkenyi group, preferably a C-c! alkZ aroun 
a Cr C40 arytelkyl group, preferably a C^o arylalkyl gro^. a Crf* aS group pS!5 aCrtritaM 
gro*. a Cb-Co aryttkenyi group, preferably a C 8 * 12 arylalke^ W «?^C!5^525!? 

R 3 and R 4 are hydrogen atoms; 

R 5 and R6 are identical or different preferably identical, are one of a hydrogen atom halogen atom oreferabiv a 
fluonne. chlonneorbrarnineatom. a Chalky, group, preferably a C^ 4 afkyl group! ^SZ^SSSiS 

groij). preferably a Chalky) group, or a C 6 -C 10 aryl group, preferably a Cg-C,, aryl group 
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R 1 1 R11 R11 R11 



M2 . m2 m2 , M 2 (CR 2 1 3 ) ■ 

I II I 

R 12 R12 R 12 R 12 

: R 11 R11 R11 

L 1 1 



R12 R 12 R 12 

"BR 1 UaIRH, ^Ge-, -Sn- t -0-, -S-, « SO, -SO2, -NR 1 \ -CO, PR 11 , or «P(0)R»; 



wherein: 

30 R 11 , R 12 and R 13 are identical or different and are a hydrogen atom, a halogen atom, a (VC20 alkyl group, prefer- 
ably a C r C 10 alkyl group, a C r C2o fluoroalkyl group, preferably a C r C 10 fluoroalkyl group, a (VC30 aryl group, 
preferably a (VC20 aryl groip, a (VC^ fluoroaryl group, preferably a C 6 -C2o fluoroaryl group, a (VC20 alkoxy 
group, preferably a C-i-C^ alkoxy group, a C2-C20 alkenyl grotp, preferably a C2-C10 alkenyl group, a C7-C40 ary- 
lalkyl groip, preferably a C7-C20 arylaikyl group, a C 8 -C 40 arylalkenyi group, preferably a C 8 -C2 2 arylalkenyl group. 

35 a C7-C40 alkylaryl group, preferably a C r C2o alkylaryl group or R 11 and R 12 , or R 11 and R 13 , together with the 
atoms binding them, can form ring systems; 

M 2 is silicon, germanium or tin, preferably silicon or germanium, most preferably silicon; 

40 R 8 and R 9 are identical or different and have the meanings stated for R 1 1 ; 

m and n are identical or different and are zero, 1 or 2, preferably zero or 1 , m plus n being zero, 1 or 2, preferably 
zero or 1 ; and 

45 the radicals R 10 are identical or different and have the meanings stated for R 1 1 , R 12 and R 13 . Two adjacent R 10 rad- 
icals can be joined together to form a ring system, preferably a ring system containing from about 4-6 carbon 
atoms. 

[001 5] Alkyl refers to straight or branched chain substrtuents. Halogen (halogenated) is fluorine, chlorine, bromin or 
so iodine atoms, preferably fluorine or chlorine. 

[001 6] Particularly preferred metallocenes are compounds of the structures: 



55 
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10 



15 




wherein: 

M 1 is Zr or Hf. R 1 and R 2 are methyl or chlorine, and R 5 , R 6 R 8 , R 9 ,R«> r» and R 12 have the above-mentioned 
meanings. 

25 

[001 7] The chiral metallocenes may be used as a racemate for the preparation of highly isotactic polypropylene copol- 
ymers, ft is also possible to use the pure R or S form. An optically active polymer can be prepared with these pure ster- 
easomenc forms. Preferably the meso form of the metaltocene is removed to ensure the center (i.e., the metal atom) 
provides stereoregular polymerization. Separation of the stereoisomers can be accomplished by known literature tech- 
30 nkjues. For special products it is also possible to use rac/meso mixtures. 

[0018] Generally, the metallocenes are prepared by a mufti-step process involving repeated deprotonafions/metalla- 
tions of the aromatic iigands and introduction of the bridge and the central atom by their halogen derivatives The fol- 
lowing reaction scheme illustrates this generic approach: 

35 

H2R c +ButyiLi > HPSll 

X-(CR8R9 )m . R 7 KCR 8 R 9 )n . X 

40 

H2R d + ButyHJ > HR d Li 

2 Butyl Li 
-> 

LiRCKCRSRVRT^CRgR^RdLi m i C j 4 

-) 
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20 



<* 8 * 9 C)m 
R7 

(R 8 R 9 C)n - 
R2Li 



CI 



CI 



Ml 
Rd 

R7 

(R8r9<L 



X = CtBr.lorO-tosyl; 



RlU 



I 
l 
I 

I 

Rd 



(RBrSc^ — rc 
R 7 Ml 
(R8R9C)n Rd 

R2 
R2 



H2RC 
H2Rd 



R1 
CI 
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[0019] Additional methods for preparing metallocenes of the present invention are fully described in the Journal of 
Qrganpmgfollic Chem., volume 2§& (1985), pages 63-67, and in EP-A- 320762, for preparation of the metallocenes 
30 described, both of which are herein fully incorporated by reference. 

[0020] Illustrative but non-limiting examples of some preferred metallocenes include: 

Dimethylsilandiylbis (2-methyl-4-phenyl-i-indenyl)2rCl2 
Dimethyisilarxiiyfois(2-me^ 
35 DimethylsilarxJiy^ 
Dimethylsilandiyfois^ 

.Dimethylsilandiylbis (2-ethyl^naphthyM -indenyi)ZrCI 2 , 

Phenyl(Methyl)silandiyibis(2-m 

Dimethylsilandiylbis(2-m^ 
40 DimethylsilarK*iylbis(2-rr^ 

Dimethylsilandiylbis(2-m^ 

Dimethylsilandiyibis(2-metty 

Dimethylsilandiylbis(2,4,6-trimethyl-1 -indenyl)ZrCI 2 . 

Phenyl(MethyOsilarxfiylb^ 
45 1 ,2-EtharxJiytois(2-methyM,6<liisopropy^1 -indenyl)2rCI 2 , 

1 ,2-Butandiybis(2-methyl-4,6-diisopropyl-1 -indenyl)ZrCI 2 , 

Dimethy»silandiytois(2HTiethyl-4^yl 

Dimettylsilandiyfois(2HTi^ 

Dimethylsilandiylbi6(2-methyl^ -indenyl)2rCI 2 , 
so Phenyf(Methyri)silarxjiylbis(2-methyl^-isopropyl-1 -indenylJZrC^, 

DimethylsilarKiiytbis(2-ethv^^ 

Dimethytsilandiylbis(2,4-dimethyl-1 -indenyl)ZrCI 2 , 

Dimethyisilarxiiylbis(2-methyl-4-ethyl- 1 -indenyl)ZrCI 2 . 

Dimethylsilandiylbis(2-me^ 
55 Phenyi(Methyl)silandiylbis(2-methyl-4.5-benzo-1 -indenyl)ZrCI 2 , 

Phenyl(Methy0silarxiiylbis(2-methv^ nzo)-1 -indenyl)ZrCI 2 . 

Phenyl(MethyOsilarxJiylb^ 

Phenyl(Methyl)silandiylbis(2H7iethyl-a-ac naphth-1-indertyl)Zra 2 , 
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1,2-EthandiyIbis(2-methyl^,5^enzoO-jndenyl)ZrCI 2 , 

1 »2-Btrtandiyibis(2-methyM,5-benzo-1 -indenyl)ZrCI 2 

Dimethytsilandiybis(2-methyl-4,5-ben2o-l-indenyl)ZrCU 

l^-Ethandiy^^J-trimethyM-indenyOZrClg, 

Dimethylsjlandiybis(2-methyM -indenyl)ZrCI 2 , 

1 .2«Ethandiylbis(2-methyM -indenyl)ZrCI 2 , 

p henyl(Methyl)silartf^^ 

Diphenylsilandiylbis(2-methyM -indenyl)ZrCI 2 , 

1 .2-ButandiyIbis(2-methyl-l -indenyl)ZrCI 2 , 

Dimethyfsilandiybis(2-ethyl-l-indenyl)Zrci 2 

DimethylsilarxJiybis(2-methy|.5^ 

Dimethyisiiandiytois^ 2 ' 
Dimethylsilandiybis(2,5,6-trimet^ and the Kke 
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10022] The terms TwS^J?£25 If 01 ^ are here,n ,ul| y in ~rporated by reference, 
or component which cTaSe^,^ Z^TnZT^T^ *> be «* 

ane may be used an activator. There ire a^STZ^^T "? meta,,ocene - as defined above. Alumox- 
are described in U.S. Patent 1^4 « l^tS^SfSZ'J^^ non * nKn " ° f ««* 

4,908.463.4968.827.5.308.815 sS^aJSf?^^^ 8 * 1 *' 5 ' 204 - 419 ' 4 ' 874 ' 734 " 4 - 924 ' 018 ' 
0 279 586. EP-A-0 594-218 anc \iSSSSli 2 ?i22K , .*- W " W ' 5,1 ° 3 '° 31 ^ ^ 561 476 " Sp- 
arable to use a visuaHy dear meth^^^^ by reterance - « ^ *» »** 
or dear aiumoxane can be decerned fn^e ctoudy^Z * f ' ter8d to produce a ctear 

compounds may contain a active proton or Zr^pr«* then eutra , metallocene compound. Such ionizing 
dinated to the remaining ion ^T^S^SSSSlS* !"* a 0n,y loos * coor 

locenes {bisCp and mc^rare^teiZ^;^ meth0d d P^ration wherein metal- 

10025] The term "noncoordinatjng anion" means wS £ £^^5 * ,n9 an '° n - 
only weaWy coordinated to said caSL^wn^nTJt^^ n0t C °°' dinate tosaid nation or which is 
"Compatitte- noncoordi*^^ * 8 neutral Lewis base - 

decomposes. Further, the anion wil ™ mSmSZ T*ZZ? in *W formed complex 

a neutral four coordiratemeta^ 

M in accordance with this invention ;Z ZZ ^ZT, ™^^*. ft ? m *• anion - Noncoordinating anions use- 
balandng its ionic charge in a + 1 state y«^n s^We^Z^o^ ^ T meta,,ocene «*» * the sense of 
"enically unsaturated monomer during * Sato * P ™ ** te * n « * «" ethnically or acety- 

i^e^e^rrs 

(-ncorporated herein by reference) TS^T^L J !5 "T". See ' EP " A -° 426 637 and EP-A- 0 573 403 
which are initially neutral Lewis addTh^h ml ^ J?*" 9 ^ uses Sizing anion precursors 

Pounds, for ^^e^S^o^Z^^Z EST*" ^ ^ = 
ionic catalysts for addition polarization c^^Z^^TJ^Z^ » 
compounds by anion precursors containing metallic a^i^Zl^^^ centers of transition metal 
(incorporated herein by reference) 9 ^ *** the an,on O" 0 "* 8 - 8M EP " A "0 495 375 

reactions with organometallic compounds ichTs I a ^ 030 1)6 convefted via action 

reagents, etc. SeV EP-A-0 s£m££%S ^^1^ ^.umoxanes. Grignard 

describing the readion of alkyl aluminum cobJ^^SSSI!^ ^ for " ^ pr0Cesses 
the addition of activating anionic cc>mpouno* ^alo-substrtuted metallocene conpounds prior to or with 

1-0028] Methods of supporting ionic catalysts comprising metallocene cations and noncoordinating anions are 



BNSDOCID: <EP 094»17A2J_> 



8 



EP0 942 017 A2 



35 



40 



45 



SO 



55 



S"«icier%strongLewisa^ arton prearso* that are 

£ the Lewis acid becomes covalentiy bound and tteU™?n 9 ° r9an ' C °* ,de SLWOr1s *** «« 

locene compounds. ^ 0960 * the hydroxy grou 0 18 ■"■table to protonate the metal- 

r0029] The polymerization method of this invention can be a solution slurrv or hulk * aM c ^ 

introduced into the reaction zone as a separate feeder m^Z rl^Z ^ ' buk ° r SOlvenl * di,uem <*" be 
components. Furthermore, the h ^ ^ * the System 

w thereafter fed into the reaction zone ° suspended w dBS0lved the monomers themselves and 

dichloride combined with metr^S^ 800,1 35 «>is-cyclopentadienyl zirconium 

*suspendedinasecor*o^rC^ 
» to react for about 1 minute to about 10^ ho^'at! i^JZT , ^ mpoatonsare charged into a reactor end allowed 

product. 88 ° Pp0Sed t0 ** Polymenzton. appear to enhance the production of g Mree 

" Sdis^ot^ * 6 me » «~ - ^ broaden molecular 

^^deper^^ 

is* nSSuL and diS sz&oSS rzr^ ,n - isobutywuminum (tibal) ' 

about 0.5 mole percent aZrtZ Telen ™! n^ET "i^ 6 " 6, ^ more preterab, y from ^ 0.0005 to 
mo^preterar.yE^ 0005 to — * -le percent a-^iene. and 

300.000 to about 550 000 weiaM m>« , , ^ 7 ^O' 000 - "Tore preferably from about 

weigmarewtSSe^ - references to molecular 

ssmsT iood9/,rtn - ^^^^^^^r^ a ^^ 

a moSar weight ^ET«1!T?S ^ ,endS to produce P°*™ r ^ 

incorporation such that a ^e^ZZ^n* Mr09e " * ""^ - diene 

SZ£E^^ 1,81,19 the rheo,09ica ' test - — ' " 

C5t 2 5^r d ^^r^T;^ irally 8 m ° ,eCUter wei ^ distribu *>" (Mw/Mn) of from about 2 1 
toaSS prder^ TOy have a ™^ weight dislribution of from about 2.1 

Natta 2S£2S5S!32rS ^ D ro^^?^^^ , ^ ab0Ut2 - 1 'o^" 1 15 contrast. Zeigle, 
rangeof from 4.ot? hav " motecu,a ' <■**«*» in the 

tributon of from 2.5 to 5.oTus me change h ISSSSSiSSZ ?* 8 ***** ^ 

cnange in molecular weight distribution upon diene modification s en in the diene 
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20 



25 



30 



upon diene meditation. ' ® **** (tsMlu »"' as seen «, Zeigler-NatH catered pMymis 

much snap* deo-eaee m «cA ^ ££L ?!l!? a ~ e< ' *•» «"*»■ le ~ ■ 

homopolymer. V to P™ 08 " *** have "Qher melt strength as compared to a propylene 

S.aTt^ 

propylene copofymer is exposed to irradLTsSS S^^^^^^ dene 
broadening of molecular weight distribution TOsVr^easeTml^ Z * !" '"^^ " molecu,ar ^ af * 
the residual side-chain unsatLration of the dienl ^ ^ * the resutt <* chai " extension through 

diated. the resulting compositions are JSS£^!^^S!^1 " present invention are 

[0044] The diene modified propyl ^e 1!^ ^ b/ th "' h,0h 60,ubi,it y in ""'"^ 
diene. preferably less thanl'SZ^ 

tributJon will typically range from about 2 Jt^SoSt??^^^ 10 ™'*^cemdiene. The rnolecuter weightdis- 
type of diene ab0 * 10 0 *P«*nQ °" the amount of irradiation, amount of diene and 

there is preferably at least a ISJfctoiill^Sj- ,n weight upon irradiation. Ukewise 

a 50% increase. "en^epre^ 01 **™ more preferably at leS 

mdecuter weight ctstrubutioTupon irraSS ^3.^^ * * ^ ™ase * 



Examples 



35 



40 



45 



50 



55 



EinVs^^ 
^'nmefirstsen^^ 

diene and norbornadiene using the metaJloMnWriTZfi^.^7/^ ^ ' 3-tetradecad.ene. 1 .Wecadiene. 1 
^ethylar^^ 

1.13 tetradecadiene and l./KDCtedieTe uaS^nlSS nf^l^^^ pr0py,ene was "^"^ with 
nium dichtonde IWVfl«h«^^ (bis-2-meth^indenyOziroo- 
d|ene modified polymers were characteri.ed aWe dSSd^cT^ * ***** properties 01 •» 

tensile testing prSZ S^Sff^^ ^ UB * ^ 

Dynamic Spectrometer II. at 180-cSng E^&iZS 6X ^ SC0Srty) were d «ermined on a Rheometrics 

[0048J Di-tetrariydropyrrdealanedMtoi??!!^ conf-guraion ^ compression molded samples. 

inU. S. patent ^0^^^ »«P— by the^ disposed 

[0049] Percent gel formation is determined by the SoSJtZ^!^ V ,ncorpora,ed "erein by reference). 

imately 0.5 gm of sample is placed in a dry celfole^lSf^r JT^" * as **»«■ A"™- 
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Examples 1r1 5 



[0050] The polymerizations were carried out as follows. A 1 -liter autoclave reactor was charaed with o <; mi 1 m «i=, 
tnethy. alurrtnum (TEAL) as a scavenger, followed by 1 ,13-tetradecadiene in 2 mtS ZeS 3EJ£T J££ 
k rlS r0P l[ 6 k ^ t ® mperature 01 the reactor ^ equilibrated at the desired temperature and 3 mg^rtalm^ hytelaiS 
^^J^ZZF T 5 "* d (N ' N ^^.ynium perflurotetrapheny. Lro. 
enS to SEE 't 1,16 ^ 1,16 P 01 ^^" 1 flowed to runW 30 minutes then tSSSSZ 

SSrSitS £ ^ e i eC0vered 8011(1 P°" mer was ^«*ttated into methanol, filtered and dried. The Z 



Table 1 



example 


mer (ml) 


Comonomer (mole%) 


Temperature (°C) 


1 


150A 


V 


40 


2 


150/0.05 


1. lOC't 


40 


3 


150/0.2 


**. /E%£ 


40 


4 


150/0.4 


9.4E-2 


40 


5 


150/0.5 


1.18E-1 


40 


6 


L 150/0,7 


1.64E-1 


40 










7 


150/- 


0 


60 


8 


150/0.2 


4.7E-2 


60 


9 


150/0.4 


9.4E-2 


60 


10 


150/0.6 


1.41 E-1 


60 


11 


150/0.7 


1.64E-1 


60 


12 


150/0.9 


1.64E-1 


60* 










13 


150/0.48 a 


1.41 E-1 


40 


14 | 


150/0.39* 


1.41 E-1 


40 


15 


150/0.28° 


1.41 E-1 


40 



' Polymer was cross-linked. 



a - 1 ,9-decadiene 
b • i ,7-octadiene 
c - norbornadiene 



so 



55 
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Table 2 



70 



20 



30 





wWIII IIVIIIvl 

(mole%) 


MFR fdn/minl 


■V m n 


MOdlllUS 

(psi/MPa 


Tensile 
Strength 
(psi/MPa) 


Elongation at 
Break (%) 
















1 


0 


1.76 


2.44 


66.020/455 


5,323/36 


747 


2 


1.18E-2 


1.25 


2.33 


65270/456 


5,565/38 


749 


3 


4.7E-2 


3.0 


274 


79.470/547 


6,699/46 


787 


4 


9.4E-2 


2.48 


2.93 


65.760/453 


5,445/37 


755 


5 


1.18E-1 


0.7 


4.4 


59.130/407 


5,480/37 


727 


6 


1.64E-1 


213 


17.0 


72,990/503 


6,116/42 


725 


7 


0 


8.47 


2.34 


63,430/437 


5,557/38 


779 


8 


4.7E-2 | 


3.94 


2.85 








9 


9.4E-2 


0.32 




64,430/444 


4.798 


654 


10 


1.41 E-1 


1.0 


6.42 








11 


1.64E-1 


2.86 


8.5 


66,120/455 


5.744/39 


768 


13 


1.41 E-1 


0.91 


6.06 








14 


1.41 E-1 


1.85 


2.35 








15 


1.41 E-1 


2.01 


2.78 








16* 




2.1 




54.800/377 


6.272/43 


841 



' Escorene Polypropylene PD-9122 



Examples 17-23 

as [0051] Polymerizations were carried out as follows. A 2-liter autoclave reactor was charged with 0.5 ml of 1 molar tri- 
ethyl aluminum (TEAL), followed by the comonomer indicated in Table 3 in 1 ml of toluene, and 500 ml propylene The 
temperature of the reactor was equilibrated at 50°C and was charged with 0.0045 mrnol/l of di-tetrahydropyrrolesilan- 
ediyf (bis-2-methy1indeny1)zirconium dichloride and 0.0129 mol/1 of MAO. The polymerization was contnued for 10 min 
after which the reactor was vented to terminate the reaction. The copolymer recovered from the reactor was washed 

40 with methanol, filtered, and dried. The results are reported in Table 3. 



Table 3 



55 



Example 


Comonomer/Moie% 


T m (°C) 
















17 


OD/0 


150.1 


600,000 


2.0 


18 


OD/0.0079 


149.1 


670,000 


2.6 


19 


OD/0.015 


149.6 


780,000 


2.8 


20 


OD/0.032 


148.3 


760,000 


4.14 


21 


TDD/0.0047 


149.6 


930,000 


2.7 


22 


TDD/0.0094 


150.4 






23 


TDD/0.023 


149.6 
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Comparative Examples 24-27 

[0052] Propylene was copolymerized with varying amounts of 1.13-tetradecadiene using the Zeigler Natta catalyst 
system TOHOTHC-131-2. a magnesium supported Zeigler-Natta catalyst commercially available from Toho Titanium 

s Company, United (Japan). Polymerizations were carried out as follows. A typical polymerization consisted of adding to 
a 2 liter zipperdave reactor. 1000 ml. of propylene, a premixed solution containing 2 ml. of 1M friethylaluminum in hep- 
tane and 2 ml. of 0. 1 M melnylcydohaxyldimeihyoxysilane in heptane, the indicated amount of 1 , 1 3-tetradecadiene and 
70 mmol. of hydrogen. A catalyst solution, approximately 50 mg. of a 15 wt% mineral oil solution, was then injected into 
the reactor via 250 ml. of high pressure propylene. The reactor temperature was raised to 70°C within about a minute 

io period. The reaction was limited to 1 hour. Results are reported in Table 4. 



Table 4 



Example 


TDD (mis) 


MFR 


MWD 


24 


0.0. 


6.82 


4.89 


25 


0.1 


6.58 


5.06 


26 


0.2 


5.51 


4.82 


27 


0.3 


5.68 


4.80 



100531 As can be seen from this data, incorporation of 1 , 1 3-tetradecadiene using a Zeigler Natta catalyst system does 
not significantly affect the molecular weight distribution of the polymer. The absence of shear thinning behavior is evi- 
25 dent in Figure 6. 

100541 , relationsni P between viscosity and frequency for some of the diene modified polymers are shown in Fig- 
ures 1 -7. Figure one illustrates this feature of the diene modified propylene of Examples 5 and 6 as compared to Exam- 
ple 1 which is the non-modified homopolypropylene. As can be seen in this figure, the melt viscosity for the inventive 
polymeratthefrequencyofO.1 rad/s is significantly higher in comparison to Example 1. In addition, invention Examples 

so 5 and 6 have enhanced shear thinning behavior as compared to homopolypropylene 

[0055] Figure 2. demonstrates the relationship between viscosity and frequency for the diene modified polymers of 
Examples 9, 10. and 11 as compared to the homopolypropylene of Example 7. The viscosity at a frequency of 0.1 rad/s 
tor Example 7 (non-diene modified) is significantly lower than Example 1 (shown in Figure 1). This is due to the higher 
MFR of Example 7 as compared to Example 1 (8.47 dg/min as compared to 1 .76 dg/min). At a frequency of .01 rad/s 

as the diene modified polymers of Examples 9. 10 and 1 1 show a significantly better melt viscosity in comparison to Exam- 
ple 7. More importantly, the shear thinning behavior of the diene modified polymers is much better in comparison to the 
homopolymer of Example 7. 

[0056] Figure 3 demonstrates the relationship bewteen viscosity and frequency tor the diene modified polymers of 
Examples 5 and 6 as compared to a commercially available polypropylene (Example 16) which has a MFR of 2 1 
40 dg/min and is used commercially for thermoforming applications requiring high melt strenghth. The diene modified pol- 
ymers of Examples 5 and 6 show a significantly higher melt viscosity at a frequency of .1 rad/s and more importantly 
superior shear thinning behavior. 

[0057] Figure 4 demonstrates the relationship betwen viscosity and frequency for the diene modified polymers of 
Examples 13. 14. and 15 as compared to the homopolymer of Example 1 . Examples 13 and 14. which are modified with 
<5 1 .7-octadiene and norbornadiene respectively, show a small improvement in melt strength and shear thinning behavior 
as compared to Example 1 . Example 13. which is modified with 1 ,9-decadiene shows significant enhancement in both 
melt strenght and shear thinning behavior as compared to the homopolymer of Example 1 . 

[0058] Figure 5 demonstrates the relationship betwen viscosity and frequency for the diene modified polymers of 
Example 14 and 5 as compared to the homopolymer of Example 1. The polymer modified with 1.13-tetradecadien 
so (Example 5) has much improved shear thinning characteristics and melt strength. The polymer modified with 1 7-octa- 
diene (Example 14) shows slight improvement 

[0059] Figure 6 demonstrates the relationship betwen viscosity and frequency for the diene modified polymers of 
comparative examples 24-29 which were prepared usng the Zeigler Natta catalyst TOHO-THC-131-2 (obtained from 
Tote Titanium Company. Limited. It is evident from this figure that shear thinning behavia is not improved 
55 7^ °LT 9Ure 7 Sh0WS * ie re,aConshi P between viscosity and frequency for the diene modified polymers of Examples 
18 (modified with 1. 7-octadiene) and 21 (modified with (1.13-tetradecadiene) as compared to control Example 17 
(homopolymer). As is evident, th diene modified polymers of Examples 18 and 21 have improved shear thinning 
behavior and melt strength. 
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Examples 28-33 

[0061 ] Propylene was copolymerized with dicydopentadiene and the resulting copolymer was corrpression molded 
into films which were then subjected to varying amounts of E-beam irradiation. The copolymer weight average molec- 

5 ular weight, molecular weight distribution and % gel were then determined. The results are reported in Table 5. 

[0062] The polymerization procedure was as follows. A 1 L autoclave reactor was charged with 500ml. of propylene, 
12.5 dicydopentadiene and 1.0 ml. of 30% MAO solution in toluene. Inaseperatevial, lOmgofdimethylsilanyl bisjinde- 
nyl) hafnium dimethyl was mixed with 4.0 ml of MAO in toluene (30%). The reactor tenp ratur was maintained at 60°C. 
The catalyst was charged into the reactor using a high pressure catalyst tube and polymerization was continued for 2 

to hours. The recovered polymer was extracted with a large excess of acetone for at least 24 hours to eliminate non 
reacted dicydopentadiene. After extradion, the polymer was dried under vacuum at 60°C 
[0063] The polymer was then compression molded into films which were subjected to E-beam irradiation at the vari- 
ous levels indicated in Table 5. The irradiated films were characterized by the soxlet extraction technique described 
above to determine gel content. The results are reported in Table 5. 

15 



TaWe5 



20 



25 



Example 


E-Beam Dose (Mrad) 






%Gel 


28 


0 


50,700 


2.79 


4.6 


29 


1 


50,500 


3.03 


2.7 


31 


3 


56,730 


3.46 


1.0 


32 


5 


61,600 


3.94 


1.0 


33 


10 


85.290 


6.95 


1.4 



[0064] The foregoing description is intended to exemplify preferred embodiments of the invention. The invention 
includes other embodiments not necessarily within the scope of any express example or embodiment recited above. 
30 The invention, therefore, is limited only as set forth in the appended daims. 

Claims 

1. A diene modified isotadic propylene polymer having a Melt Flow rate of from 0.03 to 100 dg/min [page 16 line 2] 
35 and a Mw/Mn of from 2. 1 to 30 comprising propylene units, from about 0.00005 to about 5 mole percent of alpha- 

omega-diene units and wherein the polymer is essentially gel free as defined herein and is prepared using a met- 
allpcene catalyst system. 

2. Polymer according to claim 1 wherein the diene is present at a concentration in the range of from 0.0005 to 0.5 
40 mole percent [page 15 line 24]. 

3. Polymer according to claim 1 or daim 2 wherein the diene is present at a concentration in the range of 0.005 to 0. 1 5 
mole percent [page 15 line 26]. 

45 4. Polymer according to any of daims 1 to 3 wherein the polymer has a viscosity that is higher at 0.1 radfc as com- 
pared to a homopolymer that is not modified with diene when the homopolymer is otherwise prepared under th 
same conditions. 

5. Polymer according to any of claims 1 to 4 wherein the diene is linear [page 4 line 24]. 

50 

6. Polymer according to any of daims 1 to 5 wherein the diene is selected from the group consisting of 1 ,7-octadiene. 
1,9-decadiene, 1,13 tetradecadiene, 1.8-nonadiene, 1.10-undecadiene, 1,11-dodecadiene. 1,15-hexadecadiene. 
1 . 1 7-octadecadiene and norbomadiene. 

55 7. Polymer according to daim 6 wherein th diene is selected from the groip consisting of 1 . 13 tetradecadiene. 1 .9- 
decadiene and 1 ,7-octadiene. 

8. Polymer according to any of claims 1 to 7 in which the pdyrtier is prepared using a metalloc ne catalyst system in 



14 
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a solution process [page 15 tine 65] 
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25 
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